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Employing the causal inference methods (matching for binary and continuous
treatments), I examined the impact of conservation payments on corn yield. I used the propensity
score and covariate distance matching and generalized propensity score methods to manage the
problem of selection bias since the enrollment of conservation programs (i.e., receiving
conservation payments) is not a randomized experiment. Using USDA Economic Research
Service – Agricultural Resource Management Survey (ERS-ARMS) field-level data, I assessed
whether receiving conservation payments had harm on corn yield in the Mississippi and
Arkansas Delta. The findings from the two binary matchings showed that receiving conservation
payments didn’t decrease corn yield. The generalized propensity approach revealed that lower
conservation payments received held higher corn yield while higher conservation payments led
to lower corn yield.
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CHAPTER I
INTRODUCTION
1.1

Background

Federal government spending on voluntary agricultural conservation is paramount to
enhance agricultural production and protect highly erodible lands in the U.S. Of the 466 million
farmland acres that were reported in the Farm Bill, $5.6 billion of funding was provided to
support voluntary agricultural conservation programs (USDA Budget Summary 2018). Pimentel
et al. (1995) projected that despite total investment on conservation programs, more spending
would be needed in subsequent years. For instance, more dollars will be spent on environmental
concerns (erosion) among landowners and farmers.
The objectives of conservation programs are to protect soil and water quality, reduce land
and soil erosion and to enhance wildlife activities (USDA 2020). The objective of these
conservation programs is monitored and administered by the USDA Natural Resources
Conservation Services (NRCS) and Farm Service Agency (FSA) to purposely evaluate these
conservation programs in the form of financial and technical incentives to farmers, ranchers and
landowners to encourage voluntary participation in conservation programs. The programs that
provide incentives in exchange for participating in conservation practices include, Environmental
Quality Incentive Program (EQIP), Conservation Stewardship Program (CSP) and Conservation
Reserve Program (CRP), Agricultural Conservation Easement Program (ACEP) and the
Regional Conservation Partnership Program (RCPP). Particularly, EQIP, CRP and CSP are
1

designed towards environmental impacts of agricultural cropland when farmers or landowners
receive conservation payment to adopt conservation practices (Claassen et al. 2008), even though
there are other government and private programs to support various conservation programs.
To consistently monitor and assess the impacts of conservation programs, the NRCS
launched the Conservation Effects Assessments Project (CEAP) to measure how funds invested
in conservation programs meet the goal of protecting agricultural lands and avoiding agricultural
losses (Musbach and Dedrick 2004). Despite government spending on agricultural conservation,
the return or effectiveness of taxpayers’ monies invested on agricultural production and
environmental remains a public concern (Tomer and Locke 2011). This study addresses this
issue by examining the effects of conservation payments on corn yield using the Mississippi
Delta and Arkansas Delta to make a causal inference. Specifically, the study’s causal analysis is
important to ensure that conservation payments which are a result of taxpayers’ investment or
government spending in conservation programs attain the goal of enhancing on-farm benefits in
such a way that conservation payments do not harm yields as a result of adopting conservation
practices.
In Figure 1.1, the study provides a brief summary of the average number of farms
participating in conservation programs and the amount that is being provided by the government
to support these farms. For the period between 2008 and 2018, it is shown that an average of
356,000 farms participates in conservation programs across all states with each farm receiving
approximately $8,500 for participating in conservation programs (USDA-ARMS 2018).
Specifically, Figure 1.1 is important to understand the trends from the perspectives of farmers’
participation in conservation programs and how government payments were distributed across
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the years. Figure 1.1 illustrates how to farm participation in conservation programs have been
declining despite the increase of government spending in these programs.

Figure 1

Average Conservation Payments Received and Number of Farms Receiving
Conservation Payment, 2008-2018

Source: USDA-ARMS Survey, (https://www.ers.usda.gov/data-products/arms-farm-financialand-crop-production-practices/ Retrieved: 03/17/2020 )
1.2

The Mississippi Delta and Arkansas Delta

The Mississippi Delta and Arkansas Delta (in short, the Delta) is the floodplain of
Mississippi River and located at the Mississippi River Alluvial Aquifer (MRVAA). Being an
area filled with water, sand and gravel. The MRVAA underlies about 32,000 square miles of
Missouri, Kentucky, Tennessee, Mississippi, Louisiana, and Arkansas. Particularly the Arkansas
Delta is conjoined to the Mississippi River and is stretched to about 50 to 125 miles apart (U.S.
Geological Survey 2020).
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Due to its water-bearing feature, most field crop farmers are centered within the MRVAA
because they utilize the irrigation for crop production., soil and other environmental qualities
that make crop production feasible. In Kebede et al. (2014) studies major field crops such as rice,
cotton and corn grown in Missisippi were purposely grown in the Delta Region because the
Delta is associated with enough water supply and nutrients needed by those field crops. Also, the
Delta is historically known to have unique cultural and social values. For this reason, most Delta
farmers have been characterized to share a unique socio-cultural value which makes them
identical in that context. This relatively homogeneous crop system and socio-cultural
environment are expected to reduce possible unexpected confounding factors that hinder the
causal analysis planned in this study. A total of forty-nine (49) counties were examined to be
located within the MRVAA, and this was used for the study’s analysis (see Figure 1.2). The
distinctive characteristics of farmers in the Delta and agricultural land make it easier to analyze
the causal effects of conservation payments on crop yield using matching methods (see detailed
explanation in method section).

4

Figure 2

Map of Counties located within the Mississippi River Valley Alluvial Aquifer
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1.3

Crop Production in the Delta

Globally, the agricultural system is faced by continued management issues that impede
crop production. The demands for food and fiber and high prices of food has led to the
increasingly intensive agricultural production, higher prices, and depletion of resources (Wang et
al. 2015). Being one of the important agricultural regions in the United States, predominant crops
such as corn, soybeans, rice, and cotton are grown in the Delta (Black et al. 2004).
The Delta has been characterized by high production of rice and cotton in previous years
across the United States more than other field crops succeeding with 76% and 29% acreage of
rice and cotton respectively (Bellow and Graham 1992). However, recent reports by the U.S.
Department of Agriculture-National Agricultural Statistics Service (USDA-NASS 2020) show a
divergence. The majority of Delta farmers are more into corn and soybean productivity than
cotton and rice production (see Figure 1.3 and 1.4).
Irwin and Good (2009) suggest that the divergence could be due to high prices and other
market forces profitability derived from its production. Specifically, Figure 1.3 and 4 show the
average trends of yield in corn, soybean as well as rice and cotton respectively in the counties
located within the MRVAA. Data were obtained from the USDA-National Agriculture Statistical
Service (NASS) for the period between 2009 and 2018. Rice (blue) and cotton (red) are
measured in lb/ac; soybean (green) and corn(yellow) are measured in bu/ac for the 10-year
period.
Yield trends shown in Figure 1.3 indicates that corn yield increased quicker than
soybeans yield across the years specified. In Figure 1.4, it can be observed that rice and cotton
yields were stable across the years. Even though there are yield fluctuations in between some
years of yield trends in the field crops outlined, both Figures 1.3 and 1.4 help understand the
6

level of productivity derived from the various field crops in the Delta. With the above
information, the study uses corn as the major field crop because of the high market prices behind
its production. Secondly, corn is generally known to be water and nitrogen demanding crop
compared to other field crops. Because the MRVAA is shallow, corn has become the primary
driving crop of irrigation over the data and water-relevant conservation practices (Arnold et al.
2003). Corn also is one of the critically concerning crops in nitrogen uses in the Lower
Mississippi River Basin. (Donner 2003). Considering these two facts, I used corn growing fields
in the Delta in this study.

Figure 1.3

County-level Yield Trends of Major Field Crops in the Delta

Source: USDA-NASS (www.nass.usda.gov/Quick_Stats/ Retrieved: 01/02/2020)
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Figure 1.4

County-level Yield Trends of Major Field Crops in the Delta

Source: USDA-NASS (www.nass.usda.gov/Quick_Stats/ Retrieved: 01/02/2020)
1.4

Conservation Payments and Conservation Practices in the Delta

Conservation payments take the form of incentives or financial assistance to assist
farmers to adopt various conservation practices aimed at enhancing crop production in the Delta.
Conservation practices, on the other hand, are a guidelines structured by the NRCS for farmers
to adhere in order to reduce any risks on the farm during crop production or the adoption of
conservation practices (USDA-NRCS 2020). These standards are proposed to help farmers
reduce any adverse effects of the problems associated with crop production to enhance
environmental quality (Wade et al. 2015).
It is important to note that not all conservation practices are supported financially or
technically. Common practices such as tillage, cover cropping, crop rotation etc. can be adopted
without the support of government conservation payments. Thus, most of these practices take
the conscious effort of farmers to adopt them in order to protect their farmland and yields. On
the other hand, practices such as well construction and other rigorous practices sometimes
8

require direct support through conservation payments in order to protect and support crop
production. In as much some farmers are supported financially to adopt conservation practices,
there are other farmers or fields who adopt these rigorous conservation practices without
receiving any form of financial or technical support.
According to Wade et al. (2015), adopting any form of conservation practices among
farmers is an essential way to alleviate the harmful risk that is associated with crop production
in agricultural regions. To be able to investigate the impact of conservation payments, which is
a result of adopting some form of conservation practices, it is important to know the issues
faced by crop production in the Delta and the adopted conservation practices that are practiced.
In Table 1.1, I present the NRCS conservation practice standards that have been adopted over
the years.
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Table 2

Table 1.1 Prevailing Conservation Practices in the Delta

Conservation Practice

Main Purpose

Reference(s)

Reduced or No-tillage
Cover Crops

To control soil erosion
Increase soil organic matter

Irrigation Storage Reservoir

To help alleviate stress of
inconsistent rainfall and water
systems
Ensure required application of
nutrients
To encourage infiltration of runoff
from cropland into water surfaces

Busari et al. (2015)
McDowell and
McGregor (1984)
Kirmeyer et al. (2012)

Nutrient Management
Riparian buffers

Bruns and Ebelhar
(2006)
Locke et al. (2008)

Manure management

Application of the right amount of
Kröger et al. (2012)
fertilizer on crops
Precision Land Forming
To improve surface drainage,and
Brye (2006)
improve water quality
Note: These are not the only prevailing conservation practices in the Delta
1.4.1 Conservation Tillage and Cover Crops
Conservation tillage has been defined by (Busari et al. 2015; McDowell and McGregor
1984) as a careful measure to protect the soil from erosion. To ensure that soils are protected
from soil erosion and rich in nutrients, consistent tillage adoption by farmers ensure that the soil
is covered by crop or plant residues. This according to the authors leaves the soil enriched with
nutrients and prepared for crop production. Patton (2016) also has noted that the soils in the
Delta are already enriched in nutrents made with alluvials which protects the soils from losing its
nutrients to meet the growing demands of crop production. However Van Cleve and Powers
(1995) has concluded that the extreme weather conditions in the Delta affects the biological and
physical conditions of the soil which leads o soil erosion (Patton 2016). The conclusions from
these studies would imply that, as crop production is expanding in the Delta (see Figure 1.3 and
10

1.4), farmers would need to adhere to the principles of conservation tillage practices to protect
the soil more efficiently and avoid land degradation.
From the research findings of Corsi et al. (2012), conservation tillage can be effective if
used together with other conservation practices since both can protect agricultural lands from
erosion and land degradation. Campbell (1984) on the other hand concludes that farmers needs to
be enriched with adequate incentive and technical skills to be able to apply several practices
jointly for maximum results. This assertion has been supported by Triplett and Van Doren (1977)
since most farmers lack the required knowledge to practice tillage and other practices that
complements it. Nevertheless, Pettigrew and Jones (2001) concludes that it is not always about
the case of lack of skills on the part of farmers but the nature of the land makes it quite difficult
to see the impacts of conservation practices especially tillage practices.
1.4.2 Water Conservation
As the Delta is an important agricultural region, the need for water becomes an
indispensable resource for crop production and other agricultural activities (Nalley et al. 2015).
Previous studies on water management sustainability acknowledges developing policies that will
meet the growing demand of adequate water supply for agricultural uses. Kirmeyer et al. (2012)
suggests that water conservation practices in the form of an On-farm water storage gives famers
the opportunity to store enough water for irrigation purposes, avoid water shortages and enhance
continued crop production during adverse rainfall conditions.
From the studies of Shock and Welch (2011), On-farm water storage is beneficial since it
reduces groundwater depletion, retains nutrients from erosion, and enures sufficient maintenance
of water for irrigation purposes. Being an important indicator of avoiding water shortage in
agricultural regions, Voires and Evett (2014) shows that most farmers in the humid Southeast
11

rely on On-farm water storage through cost-sharing to ensure adequate supply of water during
the mismatch of rainfall in the region. Kebede et al. (2014) confirms thie situation in the humid
southeast by focusing on Mississippi, their studies shows that most precipitations in the Delta in
Mississippi occurs from May through September during which most growing seasons of major
field crops do not occur causing demand and supply of rainfall. According to these authors, most
farmers in the region has resorted to private funding for the construction of dams through costsharing programs.
The situation of rainfall in the Delta shows inconsistent rainfall (Vories and Evett
2014). Figure 1.5 shows the seasonality of rainfall in the Delta for the period between 2013 and
2018. The bar graph in this figure indicates the crop growing seasons important for their
vegetation and mature stages in the Delta, which takes place in the months of May through
September. Excerpts from Figure 1.5 shows that both Mississippi and Arkansas Delta had
similar rainfall patterns occurring throughout the year, however, this rainfall occurred outside
the seasons of May to September (bar graph) obviously leading to minimal water supply in the
seasons for crop production.
Studying the trends helps to understand the rainfall pattern (fluctuations) and water
needs for effective water management in the Delta region. As noted in Thomson et al. (2006)
studies, effective water management technique can help control water shortage which in effect
can minimize crop damages and yield loss. In this regard, measuring water consumption in
relation to crop production is essential for improving water use efficiency of both rain and
irrigation (Hatfield et al. 2004; Mullen et al. 2009). With trends of crop yields (Figure 1.3 and
1.4) in the Delta, analyzing the trends in precipitation is essential to examine on-farm benefits of
various water conservation practices in the region.
12

Figure 1.5

Seasonal Mismatch of Rainfall and Agricultural Water Demand in the Delta

Source: PRISM Climate Data (http://www.prism.oregonstate.edu Retrieved: 01/07/2020)
1.5

Magnitude of Problem

The USDA-NRCS invests taxpayers’ money on conservation programs. Reports in the
Farm Bill shows that more money will be spent in the future to promote on-farm benefits.
However, the effectiveness of conservation payments is being questioned by taxpayers (Babcock
et al. 2001; Jenkins 2007). The effectiveness of conservation payments depends on its impacts.
Thus, the question of whether conservation payments are beneficial or harmful is contingent on
how it affects corn yield. In some sense, effectiveness could mean that the net value derived from
conservation practices (as a result of receiving conservation payments) is higher than the net
costs associated with such practices and the reverse when cost (dollars invested) exceeds the
benefits derived from conservation adoption. In other sense, the effectiveness of conservation
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payments could mean positive environmental enhancements and no decrease in yields. This
study sheds light on the latter justification of the effectiveness.
Even though USDA-NRCS has addressed this issue by launching an accountability
program known as the Conservation Effects Assessments Project (CEAP) which seeks to
measure the environmental benefits and costs associated with these conservation programs,
these projects seem to study the effectiveness of conservation outcomes on the general
assessments of conservation programs in the wildlife, watershed, cropland, and wetlands
assessment studies (Duriancik et al. 2008). For this reason, it can be concluded that the impact of
conservation payments (which is a result of conservation practice adoption) on the cropland
component of conservation programs in relation to on-farm benefit (e.g., crop yields, agricultural
revenue, or cost reduction) is not fully investigated.
Focusing on the cropland component (specifically, corn yield), as stated in Section 1.4,
conservation practice adoption is not entirely associated with receiving conservation payment.
This suggests that there are categories of farmers: those who receive conservation payments and
those who do not receive conservation payments. As these categories persist, evaluating the
impacts of conservation practices on corn yield becomes questionable. Investigating the possible
way forward through previous literature and reports from the USDA-NRCS, Figures (1.3, 1.4
and 1.5) helps to understand the issues faced by corn production in the Delta. An overview of
these problems helps to determine if conservation payments received among fields lead to onfarm benefits (if payments does harm or decrease corn yield).
I analyzed the impacts of conservation practices (thus, conservation payment: reason
explained in the data section) by employing causal inference methods to examine the causal
effects of conservation payment on corn yield. I evaluated the effects by assessing if receiving
14

conservation payments has any impacts on yield. I further analyzed these impacts by assessing
whether the magnitude of conservation payments leads to differences in yield. This helps to
contribute to the public debate and public policy, helping to design conservation policies that
will enhance on-farm-benefits of conservation payments on crop yield in the Delta.
1.6

Research Question and Objectives

The primary goal of this study is to analyze the causal effects of conservation payment on
corn yields in the Delta. The research questions I seek to answer include the following;
(a) Is there any corn yield differences when farmers received conservation payments and when
they didn’t?
(b) Among conservation payments receivers, are there any differences in corn yield with a
different conservation payment amount?
The primary objectives to achieve two research questions are (a) to use propensity score
with binary treatments to assess whether receiving or not receiving conservation payments has
impacts on corn yields using propensity score matching. (b) employ generalized propensity score
with continuous treatments to assess if there are any differences in yield among receivers of
conservation payments using generalized propensity score matching.

15

CHAPTER II
LITERATURE REVIEW
2.1

Impact of Conservation Practices

Gabrowski and Kerr (2014) defined conservation agriculture as adopting standard
conservation practices to enhance agricultural productivity among farmers and landowners
worldwide. This is consistent with the fact that agricultural resources such as land, water and
nutrients that enrich the soil needs to be conserved to meet the growing demand of food and
fibre especially in the U.S.(Hobbs et al. 2008). Kumar and Goh (1999) showed that soil quality
can be improved through best management practices such as tillage pratices. Similarly, Lambert
et al. (2007) showed that conservation practices can reduce environmental problems which
affects the land and crop yield.
Kladivko et al. (2014) showed that corn production can be enhanced through cover crop
adoption since it has the potential to limit leaching in nitrate by 20% and improving water quality
in the Mississippi River Basin. In terms of cost and time savings, Soule et al. (2000) has
indicated that most conservation practices has the potential of saving the time that would have
been invested in finding solution to the challenges faced during crop production. Following their
assertion, farmers in the Delta could save enough time by engaging in tillage practice or
irrigation had they constructed boreholes or dams to cater for the inconsistent rainfall in the
region. Other studies alsosupports the assertion that conservation practices enhances time and
cost savings since it provides alternative measures to challenges faced in crop production which
16

in effect leads to input savings and crop yield sustainability (Pettigrew and Jones 2001; Reimer
et al. 2012).
Alcon et al. (2014) conducted a choice experiment that showed that farmers were
prepared to pay twice the cost of irrigation dams to ensure a steady water supply for sustainable
crop production in the Mediterranean region of spain due to inconsistent climate change.
Linking this assertion to the Delta, it could be concluded that farmers in the Delta region would
likely pay huge sums of money to for reliable water supply due to the demand and supply of
rainfall that the region experiences during growing seasons.
In other studies, conservation practices is not always good or effective due to several
reasons. For example, Reimer et al. (2012) found out that farmers in Indiana were not willing to
adopt cover cropping because of the complexity associated with its usuage. Hobbs and Gupta
(2008) also showed that practicing tillage decreases crop yield since it actually reduces the time
that would have been used to grow more crops. Another revelation by Foster and McBeth (1996)
and Rogers (1983) showed that farmers mostly have mixed feelings when it comes to
conservation adoption since it does not add any significant improvement in their crop yields as it
is portrayed. Linden et al. (2000) has noted that Minnesota farmers experienced decreased corn
yield when they adopted no-till as a means to reduce the problems associated with soil
management. Dodd and Sharpley (2016) posited that most conservation practices such as various
water conservation practices have not been able to address the challenges faced in crop
production in the U.S. States where water scarcity seem to be a consistent problem. Concerned
with analyzing the effectiveness of conservation payments, these studies are important to help
farmers understand the benefits and costs associated with conservation practices should they
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adopt conservation practices but do not discuss anything in relation to how government
payments improve on-farm activities.
2.2

Determinants of Conservation Practice Adoption

Generally, employing the right inputs through various conservation practices specified in
the USDA-NRCS could be effective to enhance crop yield and on-farm activities. However,
depending on many factors, farmers normally have the flexibility to adopt or not adopt these
conservation practices (Soule et al. 2000). Much of the literature on conservation practice
examined shows that farmers personal characteristics and socio-economic activities influences
conservation adoption (Katchova and Ahearn, 2016; Lesch and Wachenheim 2014).
Outlines in the studies of Feder et al. (1985) showed that researchers determine several
potential variables that correlate or affect adoption through a probit or logistic regression which
predicts the significance level. In view of this, the study groups the factors that determine
conservation adoption into demographic, economic and farm biophysical characteristics even
though studies below highlights the indicators of conservation adoption and potential remedies to
encourage more voluntary participation, None of these studies provide any analysis on how
government investments impact crop yields. There is no doubt that these factors are important.
However, understanding the effectiveness of monies invested in supporting farmers' yields is not
dealt with comprehensively to alleviate public concerns.
2.2.1 Farm Household Characteristics
Socio-cultural practices such as attitudes and culture of farmers have been considered in
relation to conservation adoption to be positively related and significant (Warrinner and Moul,
1992). For instance, a study was conducted in Northern Idaho and Eastern Washington where
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two group of farmers were compared based on kingship arrangements. Conclusions from the
studies showed that kingship arrangement significantly matters in conservation practice adoption
(Carlson and Dillman 1983). On similar grounds, studies by Saltiel et al. (1994) revealed a
divergent view where socio-cultural arrangements have negative and insignificant correlations
with adoption status. A farmer's level of education is predicted to have a positive impact on
conservation adoption because of the perceived link that exists between education and
knowledge. Undoubtedly true, several literature have confirmed the general assertion that
education correlates positively with the adoption of conservation practices and is significant. For
example, Hoover and Wiitala (1980) found that farmer’s level of education has significant
impact in influencing adoption among Nebraska farmers since educated farmers are more likely
to determine environmental concerns such as erosion as an issue that impedes the soil and may,
therefore, desist from practicing conservation. Other literature also confirms this assertion
(Christianson and Arcury 1992; Rahm and Huffman 1984; Wu and Babcock 1998).
Despite the general conclusion, studies by Clay et al. (1998) have shown otherwise, thus,
the level of farmer’s education is insignificant to determine adoption status. The age of a
principal operator has been determined by several literatures to positively influence conservation
adoption (Christianson and Arcury 1992; Warriner and Moul 1992; Wu and Babcock 1998).
However, findings by (Gould et al. 1989; Stoff 1994) shows an inverse relation of adoption of
conservation practice in terms of a farmer’s age. The experience and skills of farmers have been
revealed to have positive correlations. Thus, farmers' awareness on-farm management issues and
experience towards inconsequential issues towards the environment are likely to adopt
conservation practices relating to efficiency in water-use (Ervin and Ervin 1982; Lynne et al.
1988).
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Nevertheless, findings by Shortle and Miranowski (1986) show a divergent view on this
assertion in that experience is insignificant to determine farmers’ adoption decisions. In other
studies, conservation practice adoption has been noted to be influenced by the gender of a farmer
(Feldman and Welsh 1995). Concluding, Coughenour (2003) have shown that farmers personal
characteristics such as education, experience, age and gender, experience and education affect
farmers’ decision to adopt conservation practices leaving farmers with different conceptions to
whether adopt or not conservation practices.
2.2.2 Farm Financial Management and Economic Factors
Among the many potential factors that determine adoption rates, financial conditions such
as land tenure, farm profitability, farm machinery, and labor sources have gained a lot of
attention in the literature. With respect to profitability, Cary and Wilkinson (1997) found that
farmers consider the profit that would be derived from conservation adoption before they
actually adopt any form of practice. For instance, the income or capital of principal operators has
been evaluated to influence farmers’ desirability to adopt conservation practice (Cary and
Wilkinson 1997). Results suggested that higher incomes are associated with a higher number of
practices.
Intuitively, high-income farmers are expected to adopt more conservation practices,
however, Kraft et al. (1996) have shown otherwise that high-income farmers who do not support
conservation practices due to government intervention in their farm activities are likely not to
participate in conservation practice adoption.This suggests that low-income farmers with positive
mindsets towards conservation adoption are more likely to adopt should they receive support in
the affairs of their farms.

20

Findings by Andrews et al. (2013) suggest that cost of employing field workers, and cost
of fueling farm machinery significantly influences farmers adoption decision in no-till
management. However, Saltiel et al. (1994) have refuted this claim in that farm labor whether
paid or unpaid (family or volunteer) labor has an insignificant relationship with adoption rates. In
other literature, seed costs and the cost that comes with cover cropping have been identified to
have a significant impact on adoption rates (Reimer et al. 2012; Singer et al. 2007). Conclusions
deduced pointed out that the exorbitant cost of seed costs have impeded most farmers to adopt
cover cropping as a form of conservation practice.
Land tenure has also been identified as a major factor influencing adoption. General
sense suggests that owned farm accessories such as owned machinery and equipment, and owned
land is cost-effective than hired farm machinery. This idea suggests that owned land is better
protected by farmers compared to leased farm accessories. This general assertion has been
supported by Clay et al. (1998) but refuted by Fuglie (1999). Ideally, the fear of debts which
mostly comes in the form stringent rental agreements between farmers and machinery owners
have been reported to have great impact in crop producers’ success to ensuring farm
productivity. Other studies also found that farmers avoid some conservation practices due to the
sacrifices required of them to make the practice effective, For Instance, Adusumilli and Wang
(2018) have found that farmers in the humid-south of the U.S. are unlikely to sacrifice their
cropland for constructing dams on their lands due to the costs involved in making the dam
effective for its purpose.
Reimer et al. (2012) suggested that creating programs that creates awareness on the costs
and benefits that comes with conservation incentives through federal support. Because previous
findings highlights mixed perceptions by farmers in relation to conservation payments, Kraft et
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al. (1996) suggests that outreach programs such as the Environmental Quality Incentives
Program (EQIP) and Conservation Reseve Program (CRP) to implement conservation practices
to effectively support farmers on eligible agricultural lands. (Lee and McCann 2019) revealed
that government subsidy could provide a source of massive support for farmers to adopt
conservation such as cover cropping. However, Lambert et al. 2007) reviewed that financial
assistance does not entirely encourage adoption rates as predicted to reduce costs since it
requires farm management skills costs to stabilize productivity.
2.2.3 Soil and Environmental Factors
Soil conservation practices and climatic conditions are critical in determining the
adoption status of these factors. With respect to rainfall, previous studies have found that
extrinsic weather conditions such as drought or minimal rainfall concur farmers’ in such
conditions to adopt various water conservation practices such as irrigation systems (Carey and
Zilberman 2002). Other studies have predicted the long-term effect of weather variables such as,
the growing degree days in production and precipitation, on soil moisture practices (Rahm and
Huffman 1984). Similarly, Yun and Gramig (2019) have predicted the impact of soil variables
such as soil pH, soil water holding capacity, soil organic matter etc. on crop yield. This confirms
Norwood (1999), which states that soil properties, climate conditions, and slope of the land
determine crop yield success.
Deductions from these studies suggest that farmers are more likely to consider the
climatic and soil characteristics before adopting a conservation practice which protects the soil
or land. Concluding with the findings of Soule et al. (2000) and Wade et al. (2015), the location
of farms is an important indicator in conservation adoption since farmers concentrated at highly
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erodible lands are likely to adopt conservation practices fully or partially to avoid farm issues
such as erosion.
2.2.4 Other Important Factors
Aside from demographic and farm financial management, soil and environmental
characteristics; the pedigree of risky conservation practices also influences adoption decisions
(Bond and Wonder 1980; Pannell 2003), thus, in some cases, adoption is strongly influenced by
risk-related issues (Greiner and Miller 2009). In this sense, it can be concluded that a risk-averse
farmer will likely adopt a conservation practice that is proven to increase crop yields than a
practice that has higher proximity to decreasing crop yields (Ghadim et al. 2005). Most literature
have shown concern on how to improve economic factors that impede adoption. For example,
Prokopy et al. (2008) have suggested that adoption rates, particularly among farmers, can be
enhanced by monitoring the most observable characteristics of farmers that impede best
management adoption rates. Dodd and Sharpley (2016) suggested that analysis of the
effectiveness of conservation practice is required for field studies assessment for the full
potential outcome.
In terms of technical assistance, Caswell et al. (2001) found interesting excerpts from a
national survey where survey led to the conclusion that technical assistance rather than financial
assistance motivate more farmers to adopt various soil conservation practices. In his review,
extension agent’s education on conservation plans provided more insights into soil conservation
adoption, hence farmers’ willingness to adopt soil conservation. Similarly, it has been stipulated
that efficient communication between extension agents and farmers on the benefits of
conservation practices encouraged conservation practice adoption (Feather and Amacher 1994;
Jin and Huffman. 2016). However, findings by McDowell (2004) indicated that extension agents
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have not been efficient in their assigned duties of educating farmers and landowners on
conservation adoption.
It is imperative to understand the impact of financial assistance (to adopt conservation
practice) on crop yield, as indicated previously, as crop management decisions are becoming
increasingly as irrigated acres are expanding, so do the technicality of ensuring efficient
utilization of the management practices will become more complex. A revealed approach was
implemented in a study by Lichtenberg (2004) to evaluate the cost-responsiveness of
conservation practice adoption. The study revealed that cost-sharing among operators is effective
in that cost can be shared among operators to adopt multiple conservation practices to realize the
potential of crop growth. This is to say that conservation practice is expensive to adopt
individually. Consistency in use of conservation is at the discretion of farmers directly
responsible for crop productivity.
2.3

Conservation Practice and Crop Yield

Crop production is highly dependent on the many conservation practices adopted at every
stage of production (Tomer et al. 2015). In this sense, crop production can be said to be
conditional on the type of conservation practice and the crop needs at the time of production.
There are many literatures that have proven that farmers are reluctant to let go of certain beliefs
and perceptions that impede crop production and environmental protection, even though they are
aware of the benefits associated with conservation. Findings from Yoon et al. (1993) and
Gebhardt et al. (1985) reports that crop production in the humid regions of Southeastern U.S. is
greater at risks since farmers’ in the region rely solely on rainfall and tend to delay irrigation and
other forms of water supply to grow their crops, despite the erratic rainfall condition.
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Messiga et al. (2012) conducted an experiment to evaluate the impact of tillage practices
and biennial phosphorus and nitrogen fertilization on maize and soybean yields, results showed
an increase in maize yield with nitrogen additions. However, when the no-tillage practice was
evaluated, maize and soybean yields reduced by 10-25% as compared to tillage practice Wang et
al. (2018) used a meta-analysis that was conducted on 49 experiments under irrigated wheat and
cotton in China. The results showed that micro-irrigation was significant to increase wheat yield
by 37% while wheat water use reduced by 23% on the average, however, results for cotton water
use and yield were interestingly different; cotton water use and yield was reduced by 37% and
21% respectively. Findings from their studies is an indication that micro-irrigation efficiency
has significant effects on yield.
Wilhelm and Wortmann (2004) showed that different crops respond differently to various
conservation practices under extremely different climatic conditions. Larson and Oldham (2003)
concluded that these extreme conditions lead to high risks which influence the decision to adopt
conservation practices. Toliver et al. (2012) conducted an experiment that compared different
crops under tillage and no-tillage conditions across different U.S. states. Specifically, for regions
located in the Southern seaboard, mean yields for crops grown under loamy soils was higher
under no-tillage compared to tillage practices. In the Mississippi Portal, sandy soils were used to
test the validity of these practices; and results showed a similar trend: crops grown under sandy
soils were higher under no-tillage compared to tillage practices. A general conclusion from the
experiments indicates that tillage practices work effectively to sustain crop yield depending on
the environmental condition (geographic location, soil texture, precipitation etc.)
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2.4

Propensity Score Techniques

Rosenbaum and Rubin (1983) developed the propensity score matching to pair groups
with likely homogenous characteristics in a selected population purposely to account for
selection bias due to non-random assignment of samples. The method has been used to evaluate
conservation studies. Claasen et al. (2018) employed the propensity score matching to account
for selection bias in the covariates. Their studies examined the impacts of additionality on some
selected conservation practices in the U.S. In their studies, additionality means that conservation
payments support conservation practices. Results from their analysis showed that conservation
payments were positive to support more than 90% of the selected conservation practices. Andam
et al. (2008) also used the propensity score to examine deforestation limitation in protected areas
in Costa Rica. Studies accounted for selection bias in the population of interest by pairing
protected and unprotected areas which had similar characteristics. Findings showed that
deforestation in the protected areas was 11% lower than the unprotected areas.
In the studies of Faltermeier and Abdulai (2009), propensity score matching was
employed to examine the impact of water conservation and intensification technologies between
adopters and adopters on rice production in the Northern Region of Ghana. Results from the
study indicated that propensity score aided in accounting for hidden bias in the selection of
samples between the two groups. In effect, the study showed that adoption of water conservation
and intensification technologies aided high yield rice production. Mezzatesta et al. (2013) also
used propensity scores to estimate an additional enrollment in federal cost-share programs for six
conservation practices in Ohio. Evaluations between adopters and nonadopters showed that
adopters of the cost-share program had significant levels of additionality for each practice
considered.
26

Ferraro et al. (2007) analyzed the endangered species act to assess the treatment effect in
recovery rates. Their studies selected counterfactuals using propensity score matching to account
for selection bias that may arise in the creation of counterfactuals of unlisted species. Their
findings showed that outcome was weak when listing was evaluated alone, but when listing was
paired with a significant funding, outcome improved. Thus, listing plus government funding
improved recovery rates. Similarly, Liu and Lynch (2011) also examined the impact of
development right programs on farmland loss using propensity score matching methods on a
269-county data, the study reveals that right development programs decrease most county-level
farmland loss by a percentage which had a significant effect on farmland acres. Other studies in
development and labor economics captured under this method include (Dehejia and Wahba,
1999; List et al. 2003 Jalan and Ravallion, 2003).
In other published studies, generalized propensity score which is an extension of the
propensity score has been used in impact analysis. For instance, Shiferaw et al. (2014) employed
both propensity and generalized propensity score matching techniques to create counterfactual
non-adopters. As their study sought to examine the impacts of improved wheat varieties on food
security among adopters and non-adopters their results showed that adopters benefited from the
improved wheat varieties which led to food security. In other literatures, the generalized
propensity score was employed to estimate the effectiveness of international aid on GDP growth;
the impact of capitalization on single payment scheme into land value; and the assessment of
preferential trade schemes in agriculture and fishery grants (Liu and Florax 2014; Magrini et al.
2013; Michalek and Ciaian 2014).
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2.5

Contribution to the Literature

Over the years, previous literature has provided analytic conclusions on conservation
payments and practices on crop production in the U.S. (Claasen et al. 2018; Mezzatesta et al.
2013). Specifically, studies have sought to provide evidence in the form of surveys and
experiments that explains these relationships. (Carey and Zilberman 2002; Hansen 2007;
Pimentel et al. 1995; Reimer et al. 2012; Soule et al. 2000; Tomer et al. 2015; Wu and Babcock
1998). Undoubtedly, understanding these factors is one of the possible ways to inform policy and
farmers on the connection that exists between conservation practices, conservation payments,
and crop yield.
To my best knowledge, not so much evidence has been provided to show how the
‘intensity’ (the level and direction) of conservation payments impacts crop yield especially in the
Delta from the previous literature. Traditionally, being treated (a farmer/field receiving
conservation payments) is associated with adopting conservation practices and this is presumed
to enhance yields or on-farm benefits. Nevertheless, the fields that adopt conservation practices
without conservation payments (untreated fields) are also a part of the assessment of the impacts
of conservation payments on corn yield. To be able to assess the impacts of conservation
practices on corn yield. I hypothesized the need to evaluate the causal effect of conservation
payment instead of conservation practices (discussed in the data section) on corn yield among
treated fields.
Employing matching methods, I assess the average treatment effect (ATT) on the treated
(receivers of conservation payment) and ‘dose-response’ functions to better understand the
impact of conservation payment on corn yield in a binary and continuous setting respectively.
Specifically, I contribute to the literature by using a propensity score to examine whether
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receiving or not receiving conservation payment leads to differences in corn yields. I also
changed the direction of the study to determine if the magnitude of conservation payment
perhaps leads to differences in corn yields. With such estimations, I will be able to provide a
robust conclusion on the impacts of conservation payments on crop yield using corn and the
Delta as a major field crop and study area considered respectively. Finally, the results and
discussions generated by the study will guide policymakers (such as the USDA-NRCS and Farm
Service Agency) to design policies that can enhance on-farm benefits associated with
conservation practices.
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CHAPTER III
DATA AND METHODS
3.1

Data Source and Descriptive Statistics

The overall goal of the study is to examine the causal effects of conservation payments
on corn yield. To implement the matching approaches for both binary and continuous treatment,
I used multiple data sources. These data include study wthe Economic Research ServiceAgricultural Resource Management Survey (ERS-ARMS), Parameter elevation Relationships on
Independent Slopes (PRISM) and Gridded Soil Survey Geographic (gSSURGO) datasets.
The ERS-ARMS is a field-level phase data that contains a rich source of information on
field crops harvested for which income was received, land use practices, resource use,
government payments and other farm related income, operating expenses such as labour costs
and input costs, and producers’ demographic characteristics (USDA-NASS 2011-2018 ). The
important questions in the survey that makes the analysis feasible include farmers’ financial
assistance that they might have received for acres enrolled for a specific field crop as a result of
cost-sharing or through an incentive payment (as a result of adopting conservation practices).
Since the analysis seeks to address the magnitude of the problem in a binary and continuous
sense, the determination of the treatment variable which is conservation payment received was
dependent on this survey. Thus, for the binary case, I determined whether a field has received or
not received conservation payments through an incentive payment adoption for corn yield
enrolled.
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Also, I am able to determine the total conservation payments received per acre for corn
yield across fields in the continuous case. This kind of information is specified in the survey as
conservation payments received from EQIP, CRP, or CSP or other government programs. In
addition, I am to determine and control for confounding such as production practices, farm
operation costs, as well as farm household characteristics. I used the period between 2011-2018
with the exception of years 2012 and 2015 that are since during the years of the Agricultural
census and no ERS-ARMS survey was conducted for those years. Even though the survey seems
to provide data on conservation payment for conservation practice adopted, however, it does not
provide data for the specific conservation practice adopted. Hence for this study, I used
conservation payment to indicate an aggregate conservation practice adopted fields since
conservation payment is associated with adopting some form of conservation practices. Corn
yield that is our outcome variable is measured in bushels per acre across all fields. The treatment
variable which is the conservation payments received is categorized as binary and continuous for
the purpose of the study. In the binary analysis, the treatment variable is measured in terms of
whether a field received or did not receive conservation payments for adopting conservation
payments.
Yun and Gramig (2019) noted that corn yield is affected by environmental factors such as
major soil characteristics and weather variables. Findings from their studies suggest that major
soil characteristics such as soil water holding capacity, soil pH level and organic matter
concentration majorly affects corn yield. They also noted that weather variables such as total
precipitation (March through September), growing degree days for corn ( 8 °C ~ 32°C and
greater than 32 °C ) are important factors to corn yield. Following Yun and Gramig (2019), I
calculated the weather variables (growing degree days and precipitations) using the PRISM
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dataset and adopted major soil characteristics from the gSSURGO for the study periods. In
summary, the outcome (corn yield) and treatment (conservation payment) variables for this study
were elicited from the ERS-ARMS data, part of the control variables (production practices,
producer personal characteristics, soil and weather variables) were collected from ERS-ARMS,
gSSURGO and PRISM datasets. I present the variables names and characteristics as well as
sources of data for the outcome, treatment and control variables in Table 3.1.
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Table 3

Table 3.1 Variable Names, Definitions and Sources of Data

Variable name

Variable definition

Data
Sources

Outcome variable
Yield

Corn yield (bu/ac)

ERSARMS

Treatment variable
Payamount

Binary Case
Received Conservation Payment (yes=1/no=0)
Continuous Case
Total Conservation Payment Received ($/ac)

“
“

Control Variables
Age
College
Male
Farm work

Tenure
Assets Rented
Machinery Owned
Total unpaid workers

Farm house-hold Characteristics
Age of the principal operator
Principal operator’s education (college or higher
=1/otherwise = 0)
Gender (Male =1/female=0)
Occupation (farm or ranch work =1 /work other than
farming or ranch = 2 /otherwise = 3)
Farm management
Estimated market values of trucks/cars and farm credit
stock, divided by total land acres in the farm
All land and buildings rented from others (in estimated
market values) divided by total land acres in the farm
Ratio of owned land acres to total land acres in the farm
Total unpaid workers in a year (including volunteers and
interns), from January to December
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“
“
“
“

“
“
“
“

Table 3.1 (continued)
Variable name

Variable definition
Weather

GddModerate
GddExtreme
Ppt

whc
SpH
Om
kffactor
Years of Observation

Growing season (March - August) degree days of 8 - 32
°C (GDDs/100)
Growing season (March -August) degree days over 32
°C (GDDs/100)
Total precipitation (mm)
Soil Characteristics

Soil water holding capacity
Soil pH level
Soil organic matter concentration
Soil erodibility (K) factor
2009, 2010, 2011, 2013, 2014, 2016, 2017, 2018

Data
Sources
PRISM in
Yun and
Gramig
(2019)
“
“
“
gSSURGO
in Yun and
Gramig
(2019)
“
“
“
“

In Table 3.2, I show the descriptive statistics of the outcome, treatment and control
variables used in the analysis by adoption status. It can be observed from Table 3.2 that the
average corn yield was 175.720 bu/acre. For the treatment variable, conservation payments
received per field were $14,579 on average. For farm household characteristics, the average age
and college of a farmer were 54.68 years and 3.12 years respectively. The average machinery
owned and rented for farmwork by fields was 4.65units and 2.59units respectively. The average
precipitation experienced was 7.58 mm while moderate and extreme growing degree days on the
average was 1.59 °C and 0.16 °C respectively. In terms of soil characteristics, soil water holding
capacity and organic matter concentration on the average was 29.64inches and 101.91units
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respectively. The total number of sample available for the analysis was 1,244 for the periods
specified in Table 3.2.
Table 4

Table 3.2 Descriptive Statistics of Outcome and Covariates of Principal Operator

Variable
Outcome
Yield
Treatment
Payamount
Controls
Age
College
Male
Farm work
Tenure
Assets Rented
Machinery Owned
Total unpaid workers
GddModerate
GddExtreme
Ppt
whc
SpH
Om
kffactor
Number of Observations

Minimum

Mean

Maximum

50.76

175.72

295.00

0.00

14,579.00

473,064.00

24.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
1.41
0.04
3.88
17.77
4.90
45.24
0.24

54.68
3.12
0.99
1.03
0.20
2.59
4.65
0.02
1.59
0.16
7.58
29.64
6.21
101.91
0.37

94.00
4.00
1.00
3.00
1.00
35.71
200.93
0.50
1.74
0.38
12.95
37.36
7.02
137.61
0.51

1,244
3.2

Methods

Since the overall goal of the current study is to assess the causal effect of conservation
payment on corn yield, I implement the study by employing causal inference methods such as
the Propensity score (PS) and covariate distance in binary setting and Generalized Propensity
Score (GPS) in a continuous setting. In general, the ATT entails estimating the difference
between treated group (receivers when they received conservation payments) and its
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counterfactual (receivers when they didn’t receive conservation payments). As discussed in the
data section, I use conservation payment to indicate adopted fields since data does not provide
details of conservation practice adopted. Hence in calculating the ATT and dose-response
functions, all receivers of conservation payments are considered as conservation practice
adopters. However, another constraint that affects the estimation of the ATT and dose-response
functions is that the data does not provide information for the untreated group but it does provide
data for non-receivers without conservation payments (control group). With the constraints
associated with the data, it becomes difficult to estimate the ATT and dose-response functions.
In view of this, previous studies have proposed matching approaches under the
propensity score to help create the counterfactuals. Purposefully, matching methods help to
create counterfactuals from the control group based on the characteristics or propensity score of
the treated group. The GPS on the other hand seeks to estimate the dose-response function (the
average impact of each level of conservation payment received). This entails predicting the value
of corn yield for different level of conservation payment received. This helps to determine how
the magnitude or distribution of conservation payments leads to differences in corn yield. Like
the propensity score technique, I employ the GPS matching to aid in the selection of
counterfactuals to estimate the dose-response function.
3.3

The Propensity Score with Binary Treatment

The study describes receiving conservation payments as a binary treatment from fieldlevel ERS-ARM data The binary treatments are fields who received conservation payments and
the fields who did not receive conservation payments. If conservation payments were to be
randomly assigned among fields, then I should be able to evaluate the average treatment effects

36

of corn yield by comparing the difference in corn yield between fields in the treated and
untreated groups.
Nevertheless, this is not the case in our dataset since conservation payments are not
randomly assigned due to confounding factors. It is important to note that being in a treated or an
untreated group is at the discretion of fields’ decisions and this is confounded by a set of
environmental and socio-economic variables. These factors including field operators’
demographic characteristics, farm management techniques, soil, or climatic conditions have
potential effects of influencing conservation payments received as well as potential corn yield.
3.3.1 Analytical Framework
Following Rosenbaum and Rubin (1983) framework of evaluating the average treatment
effect on the treated (ATT: receivers of conservation payments). the present study’s potential
outcome could be expressed in the two possible forms below:
𝑌𝑖𝑒𝑙𝑑 = {

𝑌𝑖1 𝑖𝑓 𝑇𝑖 = 1
𝑌𝑖0 𝑖𝑓 𝑇𝑖 = 0

(3.1)

where, 𝑖 denotes a field and 𝑇𝑖 indicates treatment which could be binary (or continuous in the
GPS section). Hence 𝑇𝑖 = 1 indicates the treatment when a field received conservation
payments; 𝑇𝑖 = 0 indicates the treatment when a field did not receive conservation payment. 𝑌𝑖1
indicates potential corn yield if a field received conservation payment and 𝑌𝑖0 denotes potential
corn yield if a field did not receive conservation payments. the concept of ATT can be derived
through the average treatment effect (ATE). ATT entails estimating the average treatment effect
on the treated (ATT) and untreated (ATU) outcome across all fields. This is expressed below:
𝐴𝑇𝐸 = 𝑌𝑖1 − 𝑌𝑖0
(
)
(
𝐴𝑇𝐸 = 𝐸 𝑌𝑖1 ∣ 𝑇𝑖 = 1 − 𝐸 𝑌𝑖0 ∣ 𝑇𝑖 = 1) + 𝐸 (𝑌𝑖1 ∣ 𝑇𝑖 = 0) − 𝐸 (𝑌𝑖0 ∣ 𝑇𝑖 = 0)
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(3.2)

The potential outcome expressions from the ATE is displayed below:
𝐸 (𝑌𝑖1 ∣ 𝑇𝑖 = 1); receivers with conservation payments

( A)

𝐸 (𝑌𝑖0 ∣ 𝑇𝑖 = 1); receivers without conservation payments

(B)

𝐸 (𝑌𝑖1 ∣ 𝑇𝑖 = 0); non-receivers with conservation payments

(C)

𝐸 (𝑌𝑖0 ∣ 𝑇𝑖 = 0); non-receivers without conservation payments

( D)

From the above ATE expressions, the estimation of ATU is not possible to deliver a
meaningful interpretation on conservation practice adoption due to the data limitation. As
mentioned, non-receivers consist of conservation practice adopted fields without conservation
payments. However, I can estimate the ATT since all conservation payment received fields are
conservation practice adopters. This means that we can only estimate the ATT as the corn
expected corn yield differences between Eq (𝐴) and (𝐵). Based on the above information,
𝐴𝑇𝑇 = 𝐸 (𝑌𝑖1 ∣ 𝑇𝑖 = 1) − 𝐸 (𝑌𝑖0 ∣ 𝑇𝑖 = 1)

(3.3)

From Eq (3.3), I cannot directly estimate the ATT because of the second term from Eq (𝐵),
𝐸 (𝑌𝑖0 ∣ 𝑇𝑖 = 1), cannot be observed with the given dataset. In other words, we cannot observe
the corn yields of receivers when they didn’t receive conservation payments. Attempts to creates
this group by observation of the sample provided in the data could breed selection bias
(Rosenbaum and Rubin 1983) since 𝑌𝑖0 is not the true reflection of adopted fields.
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To let the second term be a true manageable reflection of what would have been observed
in the dataset when receivers didn’t receive treatments (avoiding selection to create that random
setting as the treated group), Rosenbaum and Rubin (1983) suggested employing matching
methods. The general idea matching methods is to create the counterfactual group from the
untreated group based on the characteristics of the treated group which is observed in the dataset.
In a nutshell, by using the control group, I create counterfactual fields based on the observable
characteristics of the treated group. Even though several matching approaches have been
proposed in the literature, the selected methods are widely used since it is simple and easy to use
and account for selection bias among covariates. I first used the propensity score matching and
further employed the covariate distance matching to ensure robustness of the estimated ATT.
Both propensity score matching (PSM), and covariate distance matching methods (CDM)
are unique in their own ways but provide similar plausible estimates to conclude on the
authenticity of the counterfactuals selected. For instance, Faltermeier and Abdulai (2009) have
shown that combining both PSM and CDM methods is adequate since the PSM does a great job
of reducing the variations that arise when estimating the propensity score among covariates.
CDM on the other hand complements the PSM in such a way that it helps reduce the
discrepancies between individual fields of similar covariates. The key difference between both
methods is that as PSM uses the propensity score, the latter uses the minimum distances that
exist among key covariates to generate the propensity score into a single index.
3.3.1.1

Implementation of Propensity Score Matching (PSM)

Propensity score can be termed as a likelihood where a field is assigned to a treatment
level given a set of covariates (observable characteristics of treated and control groups found in
the data set). Using a single index, it summarizes the pre-treatment characteristics of each
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covariate to be able to estimate the propensity score using a probit model due to the binary
outcome of corn yield.
Rosenbaum and Rubin (1983) proposed two assumptions that need to be met in order to
use the PSM method. The first is the assumption of conditional independence and the second is
known as the common support or overlap condition. Conditional independence holds that until
all confounding factors are controlled, assignment of treatment cannot be classified as random
since they could be correlated with corn yield. Simply put, all confounding factors that
concurrently have influence in affecting treatment variables (conservation payment) and
potential outcome (corn yield) must be carefully taken care of to accurately estimate the
propensity score of each covariate. This is expressed below:
𝑌𝑖1 , 𝑌𝑖0 ∐ 𝑇𝑖 ∣ 𝑋𝑖

(3.4)

where ∐ denotes independence and 𝑋𝑖 is a set of socio-economic variables dubbed confounding
factors. The effect of treatment on potential outcome after fulfilling the conditional
independence assumption is shown below:
𝐴𝑇𝑇 = 𝐸 [𝑌𝑖1 − 𝑌𝑖0 ∣ 𝑋𝑖 ]
𝐴𝑇𝑇 = 𝐸 [𝑌𝑖1 ∣ 𝑇𝑖 , 𝑋𝑖 ] − 𝐸 [𝑌𝑖0 ∣ 𝑇𝑖 , 𝑋𝑖 ]

(3.5)

The second assumption states that for all 𝑋𝑖 ′ 𝑠 that have potential effects on the outcome
variable, there should exist a positive probability for both receivers and non-receivers of similar
𝑋𝑖 . This assumption indicates that fields having the same 𝑋𝑖 values have a positive probability of
being noticed as receivers and non-receivers given their propensity scores. This is expressed as:
0 < 𝑃(𝑇𝑖 = 1 ∣ 𝑋𝑖 ) < 1
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(3.6)

By this condition, the propensity scores are bounded between 0 and 1. The PSM matching
condition is justified when the two assumptions are met. Assuming the present study meets all
the assumptions or requirements of PSM (conditional independence and common support
condition), we can express the ATT as:
𝐴𝑇𝑇𝑃𝑆𝑀 = 𝐸𝑅(𝑋𝑖)∣𝑇𝑖 {𝐸 [𝑌𝑖1 ∣ 𝑇𝑖 = 1, 𝑅(𝑋𝑖 )] − 𝐸 [𝑌𝑖0 ∣ 𝑇𝑖 = 1, 𝑅(𝑋𝑖 )]}

(3.7)

Using a Probit model I estimate the propensity score or probability (𝑅) of being treated given a
set of 𝑋𝑖 ′ 𝑠. Thus, Eq. (3.7) shows that the propensity score matching estimator is the difference
in means in corn yield between the treated and its counterfactual groups over the common
support condition.
3.3.1.2

Implementation of Covariate Distance Matching (CDM)

Rosenbaum et al. (2007) proposed the CDM method to ensure balance (accounting for
improvements in the differences that likely exist among key covariates) since some key
confounders that have higher impacts across treated fields might bias covariates that have a
lighter influence on the outcome. Specifically, this method uses the minimum distance between
treated fields (say 𝑖 and 𝑗 ) that exist among those covariates selected as ‘high influencers’ to
account for differences in the treated and untreated fields.
To be able to estimate the distance, the widely used metric known as the Mahalanobis
distance metric (Rubin 1980). This has been verified to correctly measure the distances between
propensity scores and covariates of the treated and untreated into a single measure. Finding the
closest distance among few covariates who are key confounders helps ensure balance among all
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covariates by matching fields on the propensity scores in a random manner. The Mahalanobis
metric measure is expressed below:
′

𝐷(𝑋𝑖 ) = √[(𝑋𝑖 𝑇=1 − 𝑋𝑗 𝑇=0 )𝐶 −1 (𝑋𝑖 𝑇=1 − 𝑋𝑗 𝑇=0 ) ]

(3.8)

where, 𝑋𝑖 𝑇=1 and 𝑋𝑗 𝑇=0 are the key covariates of the receivers observations of 𝑖 and some 𝑗
fields respectively, 𝐶 denotes the variance-covariance matrix of 𝑋𝑖 . Outcome of this method is
expected to yield a well-matched distance score on the covariates 𝑋𝑖 . From Eq (3.8), I estmate
the distance score (𝐷) on the covariates 𝑋𝑖 , and outcome of the average treatment effect using
the CDM is expected to yield a well-matched distance score on all covariates specified in the
study. This is shown below:

𝐴𝑇𝑇𝐶𝐷𝑀 = 𝐸𝐷(𝑋𝑖 )∣𝑇𝑖 {𝐸 [𝑌𝑖1 ∣ 𝑇𝑖 = 1, 𝐷(𝑋𝑖 )] − 𝐸 [𝑌𝑖0 ∣ 𝑇𝑖 = 1, 𝐷(𝑋𝑖 )]}

(3.9)

3.3.2 Balance Check
After estimating the propensity and distance scores using the PSM and CDM methods, I
choose a matching algorithm after correctly selecting counterfactuals to match the receivers' field
based on how close their score is close. Several matching algorithms have been published in the
literature to enhance the matching process. This includes nearest neighbor matching (NNM),
kernel matching and caliper matching. Even though each approach has its own flaws and
strengths in terms of their performance of ensuring a ‘good’ match, the decision to use a specific
matching algorithm is dependent on the research and information available in the dataset
(Heckman et al. 1997.
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I focus on the NNM due to its simplicity. NNM can be executed under ‘with’ and
‘without ‘replacement depending on the number of observations available for both fields. ‘With’
replacement ensures that a receivers field is on two or more occasions against the non-receivers
field. ‘Without’ replacement ensures that a non-receiver is used once. The former is used when
the number of observations between the two fields is limited especially for the receivers sample
and the latter is used when there are more than adequate fields for the two fields. The NNM has
been shown to poorly perform when a supposed ‘closest’ field is far away hence affecting the
ability of the propensity score to perform better (Heckman et al. 1997. The flaw can be reduced
by employing caliper matching which imposes a strict restriction on the difference on the
propensity score.
For the present study, we focus on the NNM with replacement to ensure that the
covariates are matched well between receivers and non-receivers fields. By using the NNM, we
estimate the mean difference of corn yields (t-test) between receivers and non-receivers of the
closet propensity (or distance) scores ‘before’ and ‘after ‘matching. Thus, from Rosenbaum and
Rubin (1983), the matching should be improved ‘after’ the matching process using a
standardized mean difference to test the overall covariate balance.
3.4

Generalized Propensity Scores with Continuous Treatments

Using PSM and CDM, I estimate the ATT by employing matching methods to identify
similar fields based on the observable characteristics of the treated fields in the case where the
level of treatment is binary. In this section, I change the direction of the study to a continuous
case where I estimate the dose-response function (the ATT relation in a continuous treatment)
between conservation payments and corn yield among the receiver's sample only. Dose-response
function is used to indicate the extent to which the level of conservation payments results in
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differences in corn yield. Hirano and Imbens (2004) proposed the generalized propensity score
(GPS) method to create counterfactuals due to the non-random assignment of conservation
payments.
3.4.1 Analytical Framework for Implementing the GPS
Following Hirano and Imbens (2004), the GPS requires meeting the assumption of weak
unconfoundedness (conditional independence) to be able to define the GPS. Weak
unconfoundedness suggests that until all differences in covariates which are associated with a set
of socio-economic variables are controlled, differences that remain in the treatment variable
across all fields are dependent on potential outcomes. This is to suggest that GPS requires
independence between all potential outcomes and the level of treatment. This is expressed
below:

𝑌𝑖 (𝑡) ∐ 𝑇𝑖 ∣ 𝑋𝑖

(4.1)

where, for all 𝑡 ∈ 𝑇 (simply put in words, 𝑡 represents a realied value of treament and 𝑇
represents the set of all possible continuous treatment and 𝑋𝑖 is used to denote sociovariablesconfounding factors. Based on the assumption of weak unconfoundedness, the GPS is
defined. Suppose 𝑟(𝑡, 𝑋𝑖 ) is assumed to be the conditional density of the level of treatment given
covariates. Then;
𝑟(𝑡, 𝑋𝑖 ) = 𝑓𝑇∣𝑋𝑖 (𝑡 ∣ 𝑋)

(4.2)

where, 𝑓𝑇∣𝑋𝑖 is a function denoting the level of treatment conditional on the covariates. The GPS
is defined as 𝑅 = 𝑟(𝑇, 𝑋𝑖 ) for all 𝑡 ∈ 𝑇. The definition of the GPS has a certain balancing
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property that demands that within the strata of 𝑟(𝑡, 𝑋), the probability of 𝑡 = 𝑇 must be
independent on the values of 𝑋𝑖 which is contingent on receivers’ field level characteristics.
Until this condition associated with the GPS definition is met, the present study cannot fully
implement the GPS to mean that the assignment of the treatment variable is unconfounded and
random given the GPS.
For the present study, I assume this condition is met. I illustrate conditionality below:
𝑋𝑖 ∐ 𝐼{𝑇 = 𝑡} ∣ 𝑟(𝑡, 𝑋)

(4.3)

From Eq. (4.3), 𝐼(. ) is an indicator function to show the appropriate assumption and definition
of the GPS and ∐ denotes independence.
3.4.2 Implementation of the GPS
Implementation of the GPS requires three steps. The first step is the estimation of the
GPS (conditional density of treatment given the covariates), the second is the conditional
expectation of outcome given the estimated GPS and level of treatment and finally is the
estimation of the dose-response function.
3.4.2.1

GPS Estimation

Following Hirano and Imbens (2004), the present study assumes a normal distribution for
the treatment variable given covariates which are a set of confounding factors:
𝑇𝑖 ∣ 𝑋𝑖 ~𝑁(𝛽0 + 𝛽𝑖 𝑋𝑖 , 𝜎 2 )

(4.4)

where 𝛽0 denotes the intercept of the linear combination of 𝛽𝑖 𝑋𝑖 which shows the mean and 𝜎 2
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which signifies the variance of the normal distribution. Using the maximum likelihood estimator
(MLE), the parameters 𝛽0 , 𝛽1 and 𝜎 2 of the normal distribution are estimated. The estimated
GPS which follows the above normal distribution is below:
𝑅̂𝑖 =

3.4.2.2

1
√2𝜋𝜎 2

𝑒𝑥𝑝 (−

1
2
(𝑇𝑖 − 𝛽̂0 − 𝛽̂1 𝑋𝑖 ) )
2
2𝜎

(4.5)

Conditional Expectation of Yield given Treatment and Estimated GPS

From the estimated GPS which assumes the weak unconfoundedness, the conditional
expectation of outcome given treatment and estimated GPS can be expressed below:
𝐸[𝑌𝑖 ∣ 𝑇𝑖 , 𝑅̂𝑖 ] = 𝑔(𝑇𝑖 , 𝑅̂𝑖 ∣ 𝛼)

(4.6)

From Eq. (4.6), 𝑔(. ) is used as an estimatable nonlinear function and 𝛼 depicts an unknown
parameter to explain the conditional expectation between treatment and the estimated GPS. In
the analysis, I used the quadratic specification of 𝑇𝑖 , 𝑅𝑖 , and their interaction term.
The parameters shown in Eq. (4.6) are estimated using the ordinary least square (OLS). The
main idea for evaluating the conditional expectation between outcome and the GPS and the level
of treatment is to determine how best the estimated GPS together with the treatment variable
explains the variations in the outcome variable. This is predicted using the R-squared. A higher
R-squared would mean that much of the variation in the outcome is explained by the variations
in the GPS and treatment. As such, I can deem the GPS model as model fit.
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3.4.2.3

Dose-Response Function

Based on the OLS estimated parameters in Eq. (4.6), the dose response function is
estimated by averaging the potential outcome given a level of treatment. This is shown below:
𝑁

1
𝐸[𝑌̂𝑖 (𝑡)] = ∑ 𝑔(𝑇𝑖 , 𝑅̂𝑖 ∣ 𝛼)
𝑁

(4.7)

𝑖=1

Objectively, I estimate the average corn yield for each desired level of dollar amount
(conservation payments received) by plotting the expected dose-response function.
3.4.3 Balance Check
Since conservation payments are not randomly assigned, I determine the balance of
covariates to ensure that treatment assignment is random across treatment fields through the
specification of the GPS in Eq (4.7). Thus, the GPS method ensuring that adequate
counterfactuals are created needs to be assessed in order to avoid selection bias in the covariates
among treatment fields. To check the balance of counterfactuals created, Hirano and Imbens
(2004) proposed to compare the means between treated and counterfactual groups across
treatment fields across unadjusted covariate balance and GPS-adjusted covariate balance. The
authors suggested that the GPS-adjusted covariate balance reduces the biases associated with the
covariates better compared to the unadjusted covariate balance check across treatment fields.
3.4.3.1

Unadjusted Covariate Balance

Following Hirano and Imbens (2004), the unadjusted covariate balance selects
counterfactuals by observing covariates field characteristics in order to compare the means
between treated and untreated groups. To begin with, the whole sample is divided into any
desired or potential treatment groups. The mean of each covariate is computed in each treatment
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group specified to check the balance among covariates. The balance is checked for each
covariate in each treatment group in such a way that the mean in one treatment group is
compared with the means of the other treatment groups combined.
Let (𝑇𝑘 ) be a subset of the treatment group divided with 𝐾 intervals where 𝑘 =
{1, ⋯ , 𝐾 }. If the sample were to be divided into three treatment groups, then 𝑘 could be defined
as 𝑘 ∈ {1,2,3}. By direct comparison of the means (t-tests) through observable characteristics in
each treatment group, the means of fields that belong to the first treatment group of a covariate
(regarded as treated group: 𝑘 ∈ 1) is compared with the means of the other two treatment groups
combined which does not belong to the first treatment group (regarded as untreated group: 𝑘 ∈ 2
and 𝑘 ∈ 3). The same process is repeated for all covariates in each treatment group in order to
estimate the means between the treated and untreated groups.
3.4.3.2

GPS-Adjusted Covariate Balance Check

The GPS-adjusted covariate balance check incorporates the ‘weak unconfoundedness’ or
‘conditional independence’ assumption to eliminate selection bias in the covariate balance. To
implement this method, Hirano and Imbens (2004) suggested ‘blocking on the score.’ The
sample is divided into any desired treatment groups (𝑇𝑘 ). If the sample were to be divided into
three treatment groups, then 𝑘 could be defined as 𝑘 ∈ {1,2,3}. Based on the treatment groups
defined, the median of the GPS is computed for each treatment group in order to evaluate the
GPS. I describe this method with the first treatment group (𝑘 ∈ 1) for any covariate which is
specified in the study (say Age).
Let 𝑇𝑘𝑚 be the median treatment value estimated for ‘Age’ at the first treatment group.
With the median value of the first treatment group, the GPS (𝑅̂𝑖 ) value is valued as: 𝑅̂𝑖 (𝑇𝑘𝑚 , 𝑋).
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Implementing the block-wise balance calculation, the GPS 𝑅̂𝑖 (𝑇𝑘𝑚 , 𝑋) is evaluated for the first
treatment group and for the first block to sample out fields that do not belong to the treated (Age)
group. Based on the first block, the fields that do not belong to the treated group are known as
the untreated group (counterfactuals), With the estimated treated and untreated groups, I estimate
the mean difference between the two groups based on the number of observations from each
group. I then move on to the second block to estimate the mean difference between fields that
belong and do not belong to the second block weighted by the number of observations for each
group. The same process is repeated till the last block.
Finally, I combine all the mean differences computed using a weighted average with
weights given by the number of observations in each GPS interval. Thus, for each GPS interval,
the t-test is estimated to test whether the mean difference between the treated and untreated
groups estimated is statistically significant. If more t-test shows not statistically different from
zero (i.e., not reject the null), the balance becomes better.
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CHAPTER IV
RESULTS AND DISCUSSIONS
4.1

Descriptive Analysis

4.1.1 Farm Characteristics Receiving Conservation Payment
Table 4.1 presents the descriptive statistics of field level farm characteristics by adoption
status. Specifically, it presents the means between fields who received (receivers) and did not
receive (non-receivers) conservation payments. By comparing the means of all covariates in
these categories, I evaluate the mean difference between the two groups. The t-statistic in each
adoption status shows slight differences between receivers in terms of field-level household
characteristics, farm management variables, weather and soil characteristics. In the analysis, a
yeardummy variable was created for years before 2012 and after 2012 because there was a clear
yield jump in that year in our sample. Paydummy was also used to denote non-receivers;
receivers when they didn’t receive conservation payments.
The differences in means are also consistent with Lambert (2007) which indicates that
farmers’ characteristics such as age, occupation, education level (college), and gender (male)
between receivers and non-receivers groups significantly differ in terms of their adoption status.
However, the results showed that gender (male) and occupation are statistically significant, the
rest shows insignificant mean differences. With respect to weather conditions, it can be observed
that receivers under moderate and extreme weather conditions are significantly different from
non-receivers. This conclusion supports Ervin and Ervin (1982) and Lynne et al. (1988) studies
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on environmental factors as a major determinant affecting farmers’ decision to adopt or not to
adopt conservation practices (receiving or not receiving conservation payments). In terms of
farm management factors, the results show that farm owned machinery and rented assets differ
significantly among the receivers and non-receivers groups.
It can be concluded from these results that a farmer’s ownership of farm machinery has a
significant effect on receiving or not receiving conservation payments. These significant
differences can be attributed to the fear of debt constraints and agreement on farm asset rentals
(Ervin and Ervin 1982). Receivers and Non-receivers can be distinguished in terms of the land
and soil characteristics on which they operate to grow their crops. Results show that receivers
and non-receivers are statistically different from each other in terms of soil water holding
capacity and pH levels. The mean difference and p-values shown reflect how these
characteristics are different from each other in terms of adoption status. Specifically, this
confirmation may support the idea that receivers may be systematically different from nonreceivers in terms of covariates.
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Table 5

Table 4.1 Weighted Mean of Farm Characteristics between Receivers and NonReceivers

Variables
yeardummy
Age
College
Male
Occupation
Tenure
Rent Assets
Owned Machinery
Total unpaid workers
GDDModerate
GDDExtreme
Ppt
whc
SpH
Om
kffactor
Number of Observations

Receivers Non-Receivers Mean difference
0.84
0.57
0.27***
53.26
52.34
0.93
0.69
0.66
0.04
0.99
0.98
0.02**
1.06
1.03
-0.03**
0.22
0.19
-0.03
2.58
2.34
0.25**
4.98
4.05
0.93**
0.01
0.01
0.00
1.62
1.57
0.05***
0.37
0.41
-0.04***
8.18
7.55
0.64***
30.23
29.61
0.62***
6.12
6.18
-0.06**
99.26
100.61
-1.36
0.38
0.38
0.00
461
783

S.E.
0.02
0.77
0.03
0.01
0.01
0.02
0.10
0.45
0.00
0.00
0.01
0.09
0.21
0.03
1.18
0.00

Note: *, **, and *** indicate significance level of 10%, 5% and 1% respectively.
Before estimating the average treatment effect of conservation payments (ATT) on corn
yield, I implemented the weighted least squares regression between corn yield and covariates in
order to evaluate the correlation between the outcome variable and covariates. Avoiding omitted
variable bias is essential to accurately specify the models used for the analysis. I adopt four
model specifications in Table 4.2 using the covariates adopted in the causal analysis in the later
sections. For Model 1, I estimated the parameter that shows the linear regression coefficients
between corn yield and covariates without any control. The estimate of paydummy (payment
dummy) showed a significant positive impact on corn yield. In Model 2, the study estimated the
coefficients between corn yield and covariates of controlling for farm and soil characteristics.
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The model showed a significant positive relationship between payment dummy and corn yield.
In Model 3, I show the estimated coefficients between corn yield and covariates of controlling
for farm, soil characteristics and weather variables. The model showed a positive but
insignificant relationship between payment dummy and corn yield.
The final specification which is Model 4 shows the estimates between corn yield and
covariates while controlling for all variables such as farm, soil, weather and year dummy.
Results from model 4 showed a negative and insignificant relationship between payment dummy
and corn yield. This also shows that payment dummy has no statistical meaning for corn yield. It
can also be observed from all the models specified that Model 4 explained the variations in corn
yield better with an R-squared of 35%. From Table 4.1, it can also be observed that receivers and
non-receivers are statistically different. Hence, I use the covariates in Model 4 for the causal
inference described in Table 4.2.
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Table 6

Table 4.2

Variables
Intercept
paydummy

Weighted Least Squares Regression Results
Model 1
5.05***
(0.01)
0.07***
(0.02)

Model 2 Model 3
4.26***
3.89***
(0.22)
(0.42)
0.053***
0.02
(0.02)
(0.02)

0.00
(0.00)
0.01
(0.02)
0.02**
(0.05)
-0.26***
(0.03)

-0.00
(0.00)
0.01
(0.01)
0.17***
(0.05)
-0.21***
(0.03)

Model 4
4.22***
(0.39)
-0.01
(0.02)
-0.23***
(0.02)
-0.00**
(0.00)
0.01
(0.01)
0.12*
(0.05)
-0.22***
(0.03)

0.02***
(0.01)
0.00***
(0.00)
0.02
(0.16)

0.01
(0.01)
0.00*
(0.00)
-0.04
(0.15)
0.43**
(0.19)

-0.00
(0.01)
0.00**
(0.00)
-0.03
(0.14)
0.06
(0.19)

yeardummy
Age
College
Male
Farmwork
Assets Rented
Machinery Owned
Total unpaid workers
GDDModerate
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Table 4.2 (continued)
Variables
GDDExtreme

Model 1

Model 3
-0.67***
(0.14)
Ppt
-1.11***
(0.30)
whc
0.01**
0.01**
(0.01)
(0.00)
SpH
0.07**
0.07**
(0.03)
(0.03)
Om
0.00***
0.00***
(0.00)
(0.00)
kffactor
-0.18
-0.31
(0.20)
(0.20)
R-squared
0.01
0.184
0.28
Adj. R-squared
0.01
0.18
0.27
F-statistics
17.13***
21.32***
27.94***
F-statistics
(0.96)
(0.88)
(0.83)
Note: *, **, and *** indicate significance level of 10%, 5% and 1% respectively
Standard errors are shown in parameters
4.2

Model 2

Model 4
-0.23
(0.14)
-0.89**
(0.29)
0.01**
(0.00)
0.08***
(0.02)
0.00**
(0.00)
-0.12
(0.19)
0.35
0.34
36.83***
(0.78)

Propensity Score with Binary Treatments

4.2.1 Estimating the Propensity Score of Receiving Conservation Payment
The study cannot use a regression results directly implement the causal inference
confounding factors. Before estimating the ATT, I estimate the propensity of a field being
treated (receiving conservation payment) across treated fields coherently using a probit model.
Outlined in Lee (2008), the propensity scores estimated only serve as a tool to balance the
observed distribution of covariates across the receivers and non-receivers fields. However, it can
be observed from Table 4.3 that variables such as principal operators level of college, growing
season degree days in moderate and extreme conditions as well as soil organic matter
concentration of their field significantly influences their probability or likelihood of receiving
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conservation payment. Also, variables such as age, gender, occupation, tenure (market values of
truck and farm credit stock divided by total land acres in the farm), assets rented, machinery
owned, total unpaid workers in a year, total precipitation, water holding capacity, and soil
erosion factor has no significant impact on treatment assignment or receiving conservation
payments among principal operators.
Table 7

Table 4.3
Probit Regression Results for Estimating the Propensity for
Receiving Conservation Payment

Covariates
Coefficient
Z-value
Intercept
-13.30***
-6.08
Year dummy
1.14***
7.13
Age
0.00
0.66
College
0.22*
2.45
Male
0.04
0.10
Farmwork
-0.01
-0.02
Tenure
-0.05
-0.28
Assets Rented
0.01
-0.23
Machinery Owned
-0.00
-0.20
Total unpaid workers
-1.12
-1.26
GDDModerate
5.47***
4.84
GDDExtreme
4.19***
5.57
Ppt
0.01
0.18
whc
0.01
0.27
SpH
-0.00
-0.10
Om
0.00***
2.65
kffactor
0.09
0.82
ERS-ARMS Fields Weights
-0.00
-0.16
Null deviance
1640.2
Residual deviance
1451.3
AIC
1474.5
Note: *, **, and *** indicate significance level of 10%, 5% and 1% respectively.

S.E.
2.19
0.16
0.00
0.09
0.36
0.19
0.16
0.03
0.01
0.90
1.13
0.75
0.22
0.02
0.14
0.00
1.13
0.00

As indicated in Eq (3.8) and Eq (3.9), the propensity score and distance score is for
achieving a good balance between conservation payment receivers and its counterfactuals. I
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employed the propensity score matching estimator (Eq 3.8) that requires the conditional
independence and common support condition to ensure an adequate balance of covariates. I also
used the distance score or covariate distance matching estimator (Eq 3.9) to check the robustness
of the balance of the propensity score matching by using the closest distance among key
covariates. Using the matching algorithm employed in the method section, I used the nearest
neighbor matching (NNM) estimator to match receivers and non-receivers (counterfactuals
created from control groups based on the receivers group) based on their propensity scores and
covariate distance. This is determined by the student t-statistics.
Results from the NNM which is reported in Table 4.4 show that the means (t-test) ‘after’
matching of all covariates improved. From Eq (3.8), the covariate distance matching method is
employed to check the robustness of the covariate balance across receivers’ and non-receivers
groups; thus, correcting the minimum distance among key covariates improves balance. Using
the NNM, I realized a significant improvement in the covariate balance after matching by using
the student t-test. In summary, I could realize an improvement in the overall covariate balance (ttest) ‘after’ matching in both matching methods using the nearest neighbor matching estimator.
For instance, the t-test for precipitation shows improvement in balance ‘before’ and ‘after’
matching. Thus, from 0.45 to 0.17 and 0.45 to 0.10 for the propensity score and covariate
matching methods respectively.
Similarly, Assets rented ‘before’ and ‘after’ matching showed improvement in balance in
both methods. In terms of the overall covariate balance, I realized that the covariate distance
matching improved the balance among the covariates better than the propensity score matching.
This is manifested by lower t-stats ranging from 0.22 to 0.04 for the covariate distance matching
and 0.22 to 0.08 for the propensity score matching. In Figures 4.1 and 4.2, the standardized t57

values of ‘before’ (black bar) and ‘after’(grey bar) matching are plotted using the propensity
score matching and covariate distance matching methods respectively. Results showed an
improvement in the grey bar better than the black bar across most of the covariates. The results
also show that the covariate distance matching improves the balance in the covariates better than
the propensity score matching method.
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Table 8

Table 4.4
Covariate

Variables
yeardummy

Balance Check (t-statistics) for the Propensity Score Matching and
Distance Matching

Propensity Score
Matching
Before
0.76

Covariate Distance Matching
After
0.03

Before
0.76

After
0.00

Age

0.07

0.01

0.07

0.06

College

0.08

0.05

0.08

0.02

Male

0.18

0.04

0.18

0.00

Farmwork

0.13

0.06

0.13

0.00

Tenure

0.10

0.10

0.10

0.06

Assets Rented

0.13

0.06

0.13

0.06

Machinery Owned

0.13

0.02

0.13

0.07

Total unpaid workers

0.06

0.03

0.06

0.05

GddModerate

0.76

0.16

0.76

0.10

GdddExtreme

0.48

0.14

0.48

0.11

Ppt

0.45

0.17

0.45

0.10

whc

0.17

0.04

0.17

0.01

SpH

0.13

0.08

0.13

0.02

Om

0.06

0.01

0.06

0.01

kffactor

0.02

0.13

0.02

0.08

ERS-ARMS fields Weights

0.01

0.17

0.01

0.03

Overall t-stat

0.22

0.08

0.22

0.04
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Figure 4.1

Balance of the Standardized Mean differences with Propensity Score Matching
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Figure 4.2

Balance of the Standardized Mean differences with Covariate Distance Matching

After achieving a good balance, I then estimated the average treatment effect on the
treated (ATT) in Eq (3.8 and 3.9) which is free from selection bias due to adequate
counterfactuals created through propensity score matching and covariate distance matching
methods respectively. In Table 4.5 and 4.6, I present the ATT of conservation practices (which
could be the effect of receiving conservation payments between receivers when they received
them and when they didn’t) on corn yield. Estimated results from the propensity score matching
(PSM) and covariate distance matching (CDM) methods show that receiving or not receiving
conservation payments has no significant impacts on corn yield. Specifically, results from the
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PSM show that conservation payments have 0.05 increase in corn yield but insignificant.
Similarly, the CDM shows that conservation payments have a 0.001 increase in corn yield but
the impact is insignificant . In a nutshell, I empirically evidenced that ATT (receiving
conservation payment among payment receivers) has no statistically significant difference on
corn yield in the Delta.
Table 9

Table 4.5 Average Treatment Effect on the Treated
Propensity Score Matching
0.005

Estimate

(0.001)
*Note: Standard error is in the parenthesis
Table 10

Table 4.6 Average Treatment Effect on the Treated
Covariate Distance Matching
0.001

Estimate

(0.002)
*Note: Standard error is in the parenthesis

4.3

Continuous Treatment (Generalized Propensity Score)

4.3.1 Estimate the GPS
From Eq (4.1), I implement the causal analysis by employing the generalized propensity
score to estimate the dose-response function of conservation payments and corn yield. In Table
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4.7, I present the summary statistics of covariates used for the analysis. This comprises the
means, correlation standard deviation and most importantly estimates of the GPS of each
covariate. Correlation results are evaluated to show the exact relationship that exists between the
treatment variable and covariates and this informs the study on the factors that have a positive or
negative influence in conservation adoption among fields.
As expected, results show positive and negative relationships between conservation
payment (which is a result of adopting conservation practices) and covariates. For example,
farmers’ characteristics results show that age is positively correlated with conservation payment,
however, education (college), gender (male principal operator) and occupation show a negative
correlation with conservation payment. Farm management results such as land tenure, assets
rented and labor arrangements (total unpaid workers in a year) showed significant positive
correlations with conservation payment, but machinery owned by fields showed a significant
negative correlation.
Also, soil characteristics such as water holding capacity, and soil pH level showed
significant negative correlations. However, organic matter concentrations and erosion factor
showed insignificant negative correlations. Weather variables such as precipitation, growing
degree days in moderate and extreme conditions depicted positive but insignificant correlation
with conservation payments. Based on the estimates of the correlations and means, I estimate Eq
(4.5) which is the GPS of each covariate. This was estimated after meeting all the assumptions in
evaluating the GPS (see Eq 4.2; 4.3 and 4.4) in Table 4.7. In addition to these covariates, I use
the ERS-ARMS field weights to take care of the actual numbers of fields surveyed in the data.
Table 11

Table 4.7
Summary Statistics, Correlation with Treatment, and the Parameter
Estimates of Generalized Propensity Score Density Function
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Intercept
yeardummy
Age
College
Male
Farmwork
Tenure
Assets Rented
Machinery Owned
Total unpaid workers
GDDModerate
GDDExtreme
Ppt
whc
SpH
Om
kffactor
ERS-ARMS Fields Weights

Mean

S.D.

NA
0.95
55.16
0.74
0.99
1.03
0.19
2.74
4.84
0.01
1.61
0.37
7.86
30.05
6.24
104.30
0.36
11.33

NA
0.23
12.09
0.44
0.11
0.20
0.28
2.14
5.57
0.04
0.06
0.07
1.43
3.75
0.44
18.39
0.07
16.80

Corr
w/T
NA
-0.11
0.04
-0.04
-0.01
-0.05
0.08
0.03
-0.01
0.05
0.20
0.14
0.19
-0.03
-0.09
-0.12
0.14
0.22

t-stat

GPS Est

GPS SE

NA
-2.37
0.92
-0.74
-0.18
-1.01
1.60
0.58
-0.20
0.97
4.33
2.97
4.09
-0.71
-1.95
-2.48
2.89
4.75

-108.63
-2.84
-0.00
-0.37
-0.31
-0.68
0.23
0.16
0.03
2.43
5.77
4.32
-0.01
-0.38
-0.07
-0.08
22.82
0.01

5.80
0.52
0.01
0.23
0.92
0.47
0.40
0.05
0.02
2.58
2.92
1.94
0.08
0.05
0.36
0.01
2.93
0.01

4.3.2 Checking Balance Property
With the estimated GPS parameters in Table 4.7, I check the balance of the covariates to
ensure that counterfactuals are well-selected in an unadjusted and GPS-adjusted setting.
Following the procedure from section 3.4.3, I divided conservation payment into three treatment
groups or intervals: [0-30], [30.01-40] and [40.01-413]. Beginning with the unadjusted covariate
balance check. I implement the balance check property by testing whether the mean (t-test) in
one treatment interval was different from the other two treatment intervals combined. Given the
data and normal density function of the GPS, the result showed a slight improvement in the
covariate balance with 14 of the 51 t-values computed in each treatment interval had values
greater than 1.96 (1.96 signifies an absolute value to denote accuracy of t-statistics). With the
different intervals or group of treatment, GPS variable specifications, and changes of the
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counterfactual intervals, Table 4.8 was the best balance I could achieve even though the
improvement of balance is not notable.
Next was to account for the covariate balance in a GPS-adjusted setting by incorporating
the ‘weak unconfoundedness’ assumption. I checked the balance in each covariate of the three
intervals specified using evenly gridded three blocks. After implementing that I compared the
mean difference (t-test) in all the covariates belonging to the receivers and non-receivers group)
weighted by each group’s number of observations in the three blocks specified. Based on the
three mean (t-tests) of each covariate used for the analysis.
Results of the GPS-adjusted group are shown on the right-hand side of Table 4.8. It can
be observed that 13 out of the 51 t-values computed had values less than the 1.96 absolute value.
Even though results from both groups do not really differ in terms of the estimate, there is an
improvement in the balance of the GPS- adjusted group. I illustrate the improvement in covariate
balance for both groups in Figures 4.3 below. Thus, for each treatment interval, we illustrate the
covariate balance for the unadjusted group (black bar) and GPS-adjusted (grey bar). The results
showed improvement in balance for the GPS-adjusted group in most of the covariates compared
to the unadjusted group.

Table 12

Table 4.8 Balance given the generalized propensity score: t-statistics for equality of
means
Unadjusted
[0-30] [30.01-40]

yeardummy
Age
College
Male

1.36
-0.65
1.42
-0.83

5.05
0.54
-1.24
2.25

[40.01-413]
-2.37
0.29
-0.61
0.23
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[0-30]
1.07
-0.39
0.75
-1.34

GPS-Adjusted
[30.01-40] [40.01-413]
5.19
1.24
-0.56
2.25

-1.66
0.49
-0.29
0.55

Farmwork
Tenure
Assets Rented
Machinery Owned
Total unpaid wokers
GDDModerate
GDDExtreme
Ppt
whc
SpH
Om
kffactor
ERS-ARMS Fields
Weights

0.86
-0.45
-1.62
-0.23
0.84
-6.18
-1.21
-5.71
-1.06
1.47
-0.10
-1.91
-3.68

0.25
-2.02
1.69
0.28
0.68
5.11
0.07
4.50
1.17
1.07
1.48
-0.36
1.35

-1.69
1.61
0.74
0.11
0.36
3.24
1.28
3.33
0.31
-2.50
-1.02
2.47
2.82
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1.24
-0.46
-1.20
-0.15
-0.13
-6.22
-1.39
-7.22
-0.53
3.02
-0.48
-2.94
-3.75

-0.02
-2.66
1.38
0.20
0.60
3.52
0.23
2.76
-0.53
0.07
-0.96
-0.20
1.02

0.76
0.36
1.30
-0.12
0.23
1.57
0.44
1.00
-0.07
-2.14
-0.77
2.07
2.19

Figure 4.3

Balance Comparison Between Unadjusted and GPS-Adjusted Covariates
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4.3.3 Estimating the conditional expectation of Yield given Treatment and GPS
From Eq (4.6), I estimate the conditional expectation of outcome (corn yield) given
treatment (conservation payment) and the estimated GPS. At this stage, I predict the expected
corn yields given the estimated generalized propensity score and conservation payment. After
estimating the conditional expectation, it can be observed from Table 4.9 that the dose-response
function is statistically significant with about 96% of the variation in corn yield explained by
conservation payments and the GPS score.
Table 13

Table 4.9 Parameter Estimates of Dose-Response Function

Variable
Est.
S.E
Treatment
0.03***
0.01
Treatmentsq
-0.04***
0.01
Score
78.72***
2.18
Scoresq
-27.14***
12.21
Interaction
-0.16***
0.03
R-Squared
0.96
Adj. R-Squared
0.96
F-Statistics
2001.00***
Note: *, **, and *** indicate significance level of 10%, 5% and 1% respectively.
4.3.4 Estimating the dose-response function
Finally, we implement Eq (4.7) in order to estimate the dose-response function between
corn yield and conservation payments. The average impact of conservation payments on corn
yield is estimated by plotting the entire range of conservation payments distribution. Figure 4.4
reveals a nonlinear relationship between conservation payments received and corn yield. From
this relationship, it can be revealed that there exist corn yield differences through different (the
magnitude or intensity of conservation payment distribution among fields) conservation
payments. Precisely, the dose-response function shows that lower payments increase corn yield
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productivity and higher payments decrease corn yield productivity. The implied meaning
pertaining to the function displayed also means that more payments are doing more harm to
yields compared to low payments.

Figure 4.4

Estimated Dose-Response Function of Conservation Payments and Corn Yields
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CHAPTER V
CONCLUSION, POLICY IMPLICATION AND LIMITATIONS
5.1

Conclusion

Given the benefits associated with conservation practice adoption, the federal
government invests large sums of dollars to support the voluntary adoption of conservation
practices. Even though the existing literature has pointed out that these conservation payments
(federal government spending on conservation practices) which aims to provide financial support
to farmers are not fairly allocated to farmers since payments are mostly skewed to some specific
farmers (thus, large scale fields) and this affects the impacts associated with the support provided
by the government to enhance agricultural production and protect highly erodible lands (Babcock
et al. 2001; Jenkins 2007). The relationship between conservation payment and crop yield seems
complicated as this has enraged public concerns on the structure of the implementation of
conservation payment and conservation practice on yields as well as environmental benefits.
This research focuses on analyzing the causal effects of conservation practices on corn
yield in the Delta using the propensity score in a binary setting and generalized propensity score
methods in a continuous setting to estimate the average treatment effect on the treated (ATT) and
Dose-response functions respectively. I employed multiple data sources through the ERSARMS, PRISM, and gSSURGO to account for the outcome, treatment and control variables over
the period between 2011 through 2018 with the exceptions of year 2012 and 2015 since there
was no survey during those periods. The study’s estimation of the average treatment effect on the
70

treated (ATT) entails estimating the difference between treated (receivers with conservation
payment) and untreated groups (receivers without conservation payment) across fields. The
estimation of the ATT was restricted by data limitations sincenon-receivers of conservation
payments are not separable to conservation practice adopters and non-adopters. I employed
propensity score matching and covariate distance matching methods to create a counterfactual
group of the treated group (receivers of conservation payments) from a control group (nonreceivers of conservation payment) provided in the data set. Similarly in the estimation of the
dose-response function, I used the generalized propensity score matching to create
counterfactuals in order to avoid selection bias in the continuous setting.
The first objective of the study which uses propensity score to better understand whether
receiving or not receiving conservation payment leads to differences in corn yield. The second
research objective uses the generalized propensity score to better understand if changes in
conservation payments leads to differences in corn yield. The results from the first objective
(ATT emanating from the propensity score matching and covariate distance matching methods)
suggest that there are no statistical differences in corn yields for receivers when fields received or
did not receive conservation payments. The results from the second objective (dose-response
function) showed that lower conservation payment received held higher corn yields while higher
conservation payment received kept lower corn yield.

5.2

Policy Implications

The study’s findings show an uneven effect of conservation practice (receiving
conservation payment) on corn yield in the Delta. The results from the ATT shows no significant
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impacts on corn yield among fields when they received and when they didn’t receive
conservation payment. However, from a policy perspective, the results from the dose-response
function seem not totally with previous findings positive effect of conservation practices on corn
yield since lower levels of payments seem to show higher levels of corn yield compared to
higher yields. These results could stem from three possible reasons for the lower payments and
higher payments. Firstly, the results provided by lower payments could mean that conservation
payments provided support for smaller fields or farms. Thus, rationally smaller fields might
make use of lower payments since they desire to increase their yields (avoid future losses)
through conservation practice adoption (receiving conservation payment).
Secondly, the dose-response function associated with higher payment could be due to
highly erodible lands. Perhaps lower productivity fields are associated with unproductive lands
which means irrespective of higher conservation payments provided to farmers, the yield will
drain drastically. Also, the magnitude of conservation payment given to larger fields might not
be enough to adopt the needed conservation practices that can lead to higher yields given the size
of their land. Hence, the lower yield observed in the dose-response function (higher payments
resulting in lower yield ) might be due to the above reason. Finally, the intuition behind moral
hazards might result in the lower yields as a result of higher payment. From the descriptive
statististics of the house-hold characteristics among fields, it was observed that the average age
of farmers in the Delta was 55 years. This implies that active farmers in farmwork in the Delta
are old, hence it is entirely possible that large field farmers in the Delta give up their land which
might not be fertile in exchange of conservation payments which might be equivalent to the
profits that is derived from corn production.
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Based on the possible implications outlined above, policies regarding conservation
practices or conservation payments should target at providing enough education by deploying
more extension agents through the USDA-NRCS to locate more small field farmers since from
the analysis, it seemed conservation payment support their farm work. In another sense,
extension agents can also educate large field farmers on moral hazards and risks since most large
field farmers might be subjected to moral hazards due to perveived risks associated with
conservation payments.
5.3

Study’s Limitations and Future Research

The study’s treatment variable which would have been conservation practice adopted was
not used due to data limitation. Instead, I used conservation payment received since in the
ARMS data all receivers of conservation payments are conservation practice adopters. As a
matter of fact, using payments received could not permit me to determine the specific
conservation practice for which conservation payment was received for the Delta. Another
limitation encountered was that the data did not provide information on the specific dollar
amount provided to small field and large field farmers for conservation practices, I could not
determine the magnitude of conservation payment given to which field and how its impacts their
yields.
Even though I estimated the ATT from the available data set (receivers of conservation
payment consisting of only conservation practice adopters), I couldn’t estimate the average
treatment effect on the untreated (ATU) to verify the effect of non-receivers of conservation
payment (consisting of conservation practice adopters and non-adopters) on corn yield. Since
data do not support the estimation of ATU, the estimation of the ATE (simultaneous estimations
of the ATT and ATU) was not possible.
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The research dwells solely on the Delta fields using corn since it possesses the desirable
factors required for the analysis. However, future research could focus on other field crops such
as soybean, rice, or cotton in other U.S agricultural fields to determine the impacts of
conservation payments on any of the field crops. Also, further investigation is required to check
the robustness of these results by employing different matching methods for the ATT and doseresponse functions. Finally, if data were available for the non-receivers fields, then future
research could estimate the ATE which would entail both the ATT and ATU.
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